Degradation of organic pollutants in wastewater was investigated by photocatalysis method using anatase modification of titanium-dioxide (TiO 2 ) catalyst with different structures. Laboratory experiments were carried out with industrial wastewaters consisting of different contents of organic pollutants. Two types of TiO 2 catalyst: TiO 2 having a size near to nanoparticles (about 3 -4 micron in size) and the nanostructured 15 nm sized TiO 2 were used to find optimum conditions of photocatalytic degradation and removal of organic compounds from wastewater. This paper discusses the effect of various parameters on the degradation rate including the catalyst concentration, process duration as well as the catalytic effectiveness of the TiO 2 particles' size. In addition, the effect of UV and visible light sources on the degradation process was studied. The process performed with nanostructured TiO 2 catalyst under visible light was very successfully allowing best degradation of organic compounds.
Introduction
The environmental impact of industrial operations causes serious concern worldwide. Toxic organic compounds contribute significantly to the environmental pollution in industrially developed regions. They are the most priority pollutants because of their toxic effect on the ecosystem components and high migration ability. Like other industrial regions, the Absheron Peninsula of Azerbaijan is characterized with acute environmental situation. The previous studies of authors revealed high concentrations of toxic contaminants in soils, surface and ground waters in the Absheron territory, where about 70% of the country's industrial potential is located [1] [2] . One of the problems associated with industrial activities is the huge amount of wastewater disposal to the environment. All the mentioned make important carrying-out researches to develop and apply advanced water treatment technologies capable of decontaminating hazardous pollutants.
A number of water treatment methods were used to remove chemical and microbial contaminants that pose threat to all the ecosystem components including human. However, low efficiency and formation of toxic by-products are main disadvantages of these processes. In the recent years, the effectiveness of water treatment processes has become more important due to the increase of environmental pollution, population growth and water resources demand. Photocatalysis is one of the methods which are so called advanced oxidation processes During photocatalysis, light energy is used to make photocatalyst active. After illumination by light with the appropriate wavelength, the photocatalyst induces the formation of strong oxidizing agents that decompose organic substances.
Photocatalysis is an accelerator of the oxidation processes already active in nature. The substances used in photocatalysis to change the rate of chemical reactions, through the action of light, are semiconductors. Due to their electronic structure, which is characterized by a filled valence band (VB) and an empty conduction band (CB), semiconductors (metal oxides or sulfides) can act as sensitizers for light-induced redox processes [7] .
A heterogeneous photocatalytic system consists of semiconductor particles, which are in close contact with reaction medium. Exposing the catalyst to light excited states is generated, which is able to initiate subsequent processes like redox reactions and molecular transformations.
Among the various nanomaterials used for photocatalysis titanium dioxide-TiO 2 is the most usual one for wastewater purification for its relatively low cost and high stability [8] [9] . TiO 2 exists in three crystalline modifications: rutile, anatase, and brookite. Compared to rutile and brookite, anatase shows the highest photoactivity.
The photoactivity of TiO 2 has been investigated extensively. TiO 2 is a semiconductor with a band gap energy Eg = 3.2 eV. If this material is irradiated with photons of the energy > 3.2 eV (wavelength λ < 388 nm), the band gap is exceeded and an electron is promoted from the valence to the conduction band.
Consequently, the primary process is the charge-carrier generation: The purpose of our investigation was to study photocatalytic degradation of organic compounds in wastewater using crystalline TiO 2 with various sizes.
Materials and Methods
Two types of anatase modification of TiO 2 catalyst were used during the studies: The wastewater samples were diluted with respect to the original sample to operate with a more transparent polluted stream. To evaluate the degradation rate of organic compounds chemical oxygen demand (COD) was measured before and after each experiment. Analyses were carried out according to the known standard methods [12] .
Based on the data derived from experiments, a removal efficiency-R of organic contaminants was calculated according to the following formula [5] : 
Results and Discussion
The first series of experiments were carried out with oil industrial wastewater having an initial value of COD 8000 mg/l using TiO 2 catalyst with a size near to nanoparticles.
The experiments were carried out in a cylindrical vessel with the capacity of Journal of Environmental Protection about 500 ml located on the magnetic mixer to provide well-mixing of the catalyst and wastewater. A visible lamp of 300 watt in power was used as light source. The lamp was positioned at a 15 cm distance above wastewater to initiate the photocatalysis process. The experimental volume of the wastewater was 300 ml. Preliminary experiments were conducted to study the effect of catalyst concentration on the process at 120 minute duration. The results are shown in Table 1.
As it can be seen from Table 1 , the value of COD was reduced from 8000 to 5760 mg/l, by other words about 40% removal of organic matter was achieved using 0.5 g of TiO 2 within 120 min. duration of photocatalysis.
The experiments have shown that further increase of the catalyst concentration was not resulted in significant change of COD value. Therefore, the next stage of studies was conducted to find the influence of photocatalysis duration on the degradation of organic compounds using the wastewater sample obtained from the last experiment, i.e. having COD of 5760 mg/l and at constant concentration of TiO 2 catalyst (0.5 mg). The results are presented in Table 2 .
The data in Table 2 shows that the increase of the process duration influences COD reduction to some extent. The value of COD was reduced from 5760 to 3200 within 360 minutes, i.e. 6 hours. Overall, no significant reduction was observed in COD reduction of oil industrial wastewater during the experiments. This can be attributed to either very high concentration of organic compounds in wastewater or to the low degradability of some hydrocarbons by TiO 2 having particles of 3 -4 microns in size. The results revealed that only 60% -65% removal can be achieved with this type of TiO 2 catalyst during 6 hours illumination. The calculated values of removal efficiency-R are illustrated in Figure 3 . Table 1 . Effect of TiO 2 concentration on COD reduction in oil idustrial wastewater. Table 2 . Effect of phocatalysis duration on COD reduction in oil idustrial wastewater. The obtained experimental data are reported in Table 3 . 
Conclusion
The detoxification and removal of organic compounds in wastewater were investigated by photocatalysis method using two types of TiO 2 catalyst. The laboratory experiments were mainly focused on the determination of the dependence of organic pollutants degradation on both the catalyst concentration and the process duration. The studies carried out with oil industry's wastewater using Figure 4 . Scheme of the reactor for organic pollutants removal from wastewater using TiO 2 nanocatalyst. 
